Many diseases are characterized by the expression of specific proteins and the activation status of distinct signaling pathways ([@B1]). Thus, protein expression profiling and activation patterns are instrumental for understanding disease, the development of effective treatments, and the identification of patients who will respond to particular therapies. Traditional ways of analyzing protein expression (*e.g.* Western blot) can be used for these purposes but often are labor intensive, have low throughput, and consume high sample volumes. Reverse-phase protein array (RPPA)[^1^](#G1){ref-type="fn"} technology is a very promising method that circumvents these issues ([@B2][@B3]--[@B4]). For RPPA, minute amounts of whole protein lysates from a multitude of samples are spotted onto slides, and individual proteins are detected via protein-specific antibodies. This enables medium- to high-throughput analysis of precious low-volume sample material.

Lysates for RPPA have so far been generated mainly from cell lines or fresh frozen tissue. However, because of the high amount of effort involved in the use of liquid nitrogen for sample preservation, in almost all hospitals worldwide formalin fixation and paraffin embedding is the preferred method for tissue preservation. Therefore, it would be highly desirable if protein-specific epitopes could be quantitatively extracted and analyzed from formalin-fixed and paraffin embedded (FFPE) tissue, as this would make the majority of clinical specimens accessible for mechanistic protein-based research.

In recent years, several research groups have established protocols for protein extraction from FFPE tissue. Common to all of them is the use of high concentrations of ionic detergents, such as sodium dodecyl sulfate, and high temperature. It was shown that these methods even make it possible to extract full-length proteins from FFPE tissue ([@B5][@B6][@B7][@B8][@B9][@B10][@B11]--[@B12]). The coefficient of variation of the relative extraction efficiency based on Western blot and densitometric assessment of actin typically is below 20% ([@B13]). To assess whether the analysis of FFPE tissue lysates would result in biologically meaningful data, we analyzed FFPE breast cancer tissue samples by RPPA for the expression of human epidermal growth factor receptor 2 (HER2) and compared it to HER2 assessment by the gold standard used in clinical practice, which is based on immunohistochemistry (IHC). Successful recovery of HER2 from FFPE tissue should result in concordant HER2 classification between RPPA and IHC.

In the second part of the study, FFPE samples of non-small cell lung cancer (NSCLC) were examined via RPPA. Samples from two subtypes of NSCLC, adenocarcinoma (AC) and squamous cell carcinoma (SCC), were analyzed for more than 150 proteins, including two proteins that are known to be differentially expressed between the two subtypes. The objectives of this analysis were to further assess the validity of the approach by confirming the two positive controls and to identify new markers for the differentiation of the two subtypes of NSCLC.

EXPERIMENTAL PROCEDURES
=======================

### 

#### Tissue Samples

All tissue samples were purchased from commercial vendors, and approvals of the respective institutional ethics committees are available.

For the initial HER2 analysis, 19 FFPE specimens of breast cancer tissue were acquired from Asterand Inc. (Royston, UK). The HER2 validation sample set, consisting of another 27 FFPE breast cancer specimens, was acquired from Asterand Inc. (Royston, UK) and Cureline Inc. (San Francisco, CA). The tumor size was at least 1 cm in diameter, and the tumor cell content ranged from 30% to 85%.

For NSCLC analysis, FFPE specimens of 25 AC and 25 SCC tumors were selected. All samples were derived from commercial providers (Indivumed GmbH, Hamburg, Germany, and Asterand Inc., Royston, UK). Samples for RPPA analysis were defined by the following criteria: tissue from male patients, tumor size ranging from 0.5 cm to 2 cm in diameter, total necrosis \< 30%, and viable tumor cells \> 50%.

For all RPPA analyses, the tumor samples were cut into sections 15 μm in thickness.

#### IHC

The stratifying HER2 IHC was performed manually with the Dako HercepTest (Dako, Glostrup, Denmark) according to the manufacturer\'s instructions.

IHC results were reported using the ASCO/CAP modified Hercepscore scoring scheme for the membrane marker HER2 ([@B14]): 0, negative; 1+, incomplete, weak membrane staining in \>10% of tumor cells; 2+, intermediate complete membrane staining in \>10% of tumor cells; or 3+, strong, uniform, complete membrane staining in \>30% of tumor cells.

#### Fluorescence in Situ Hybridization

All specimens were subjected to FISH for the assessment of the amplification status of the HER2 gene using a HER2 pharmDx FISH kit from Dako (Glostrup, Denmark) according to the manufacturer\'s instructions.

The amplification status was assessed according to the recommended clinical scoring scheme, counting HER2 and chromosome 17 signals in 20 representative tumor nuclei and calculating a HER2/CHR17 ratio. A specimen was considered amplified if the ratio was \>2.2 and non-amplified if the ratio was \<1.8. If the ratio fell into the borderline region of 1.8--2.2, an additional 40 tumor cells were counted and the ratio was recalculated. Any ratio greater than or equal to 2.0 was then regarded as amplified.

#### Protein Extraction

The Qproteome FFPE Tissue Kit (Qiagen, Hilden, Germany) was used for the extraction of proteins from the breast cancer and NSCLC samples. The protein extraction was performed according to the manufacturer\'s specifications promptly after tumor sections were cut freshly from the respective FFPE tumor blocks. Up to three sections, each with a thickness of 15 μm and an area of 100 mm^2^, were collected (the total area was 300 mm^2^ for breast cancer samples and 100 mm^2^ for NSCLC samples). Paraffin removal was performed in xylene, and this was followed by rehydration in a series of 100%, 96%, and 70% (v/v) ethanol. Each preparation step was performed in the collection tube (1.5 ml) with a 1-ml volume of the respective reagent. The sample was vortexed vigorously for 10 s, incubated for 10 min at room temperature (25 °C), and centrifuged in a micro-centrifuge for 10 min at full speed. The supernatant was discarded, and each preparation step was repeated twice using fresh reagent. After deparaffinization and rehydration, EXB extraction buffer (Qproteome FFPE Tissue Kit, Qiagen, Hilden, Germany) was added to the tube containing the tissue pellet (100 μl for breast cancer and 60 μl for NSCLC samples). After further incubation for 5 min on ice, the tube was heated at 100 °C for 20 min on a heating block and subsequently incubated at 80 °C for 2 h using a Thermomixer (Eppendorf, Hamburg, Germany) with agitation at 750 rpm. The tube was placed at 4 °C for 1 min and centrifuged for 15 min at 14,000 × *g* at 4 °C. The supernatant containing the extracted proteins was recovered and used for RPPA and Western blot analysis. The protein concentration of the obtained extract was quantified using a BCA test (Thermo Fisher Scientific, Rockford, MD). Protein extracts were stored at −80 °C until further use.

#### RPPA

RPPA technology, printing, assays, and data analysis have been described in detail previously ([@B15]). FFPE tissue lysates were adjusted to a uniform protein concentration with EXB buffer (Qproteome FFPE Tissue Kit, Qiagen, Hilden, Germany) and subsequently diluted with spotting buffer CSBL1 (Zeptosens, Leverkusen, Germany) to a comparable final print concentration of 0.14 μg/μl for the breast cancer samples and 0.18 μg/μl for the NSCLC samples. The diluted lysates were printed onto hydrophobic chips (Zeptosens, Leverkusen, Germany) using a piezoelectric non-contact printer (NanoPlotter 2, GeSiM, Grosserkmannsdorf, Germany) and single-droplet deposition of lysate (0.4 nl per spot). Each lysate was spotted at four serial dilutions (1.6-fold), starting at 0.14 μg/μl and 0.18 μg/μl protein concentrations for breast cancer and NSCLC samples, respectively. Each dilution was printed in duplicate spots, resulting in eight spots per sample. Reference material (fluorescence-labeled albumin) was co-printed with the lysates, and the reference spot signals were used to compensate for local inhomogeneities of array illumination. After printing, the arrays were blocked with 3% (w/v) albumin solution, thoroughly washed with double-distilled water, dried in a nitrogen stream, and stored at 4 °C in the dark until further use.

Protein signals were measured in a direct two-step sequential immunoassay using a sensitive and quantitative fluorescence read-out. For each protein of interest, primary antibody was incubated (array by array) overnight (15 h) at room temperature (25 °C). The following primary antibodies were used: anti-HER2 (A0485, Dako, Glostrup, Denmark) diluted 1:100 from stock, anti-Cytokeratin 5 (M3270, Spring BioScience Inc., Pleasanton, CA) diluted 1:100 from stock, anti-Napsin A (760--4446, Ventana Medical Systems Inc., Tucson, AZ) diluted 1:10 from stock, and anti-p21-activated kinase 2 (PAK2) (2608, Cell Signaling Technology Inc., Danvers, MA) diluted 1:100 from stock. After subsequent washing, the arrays were incubated for 1 h with Alexa647-labeled anti-species antibody (Invitrogen, Paisley, UK). After subsequent washing, the stained arrays were imaged using a ZeptoREADER instrument (Zeptosens, Leverkusen, Germany) in the red laser channel. For each array, six fluorescence images were recorded at exposure times of between 0.5 and 16 s. Assays in the absence of the primary antibody (blank assays) were performed to determine the potential nonspecific signal contributions of the secondary antibody. In addition, one chip out of the print series was stained to measure the relative amount of immobilized protein per spot (protein stain assay).

Microarray images (assay image selected at the longest exposure time not showing any saturation effect) were analyzed using the array analysis software ZeptoVIEW™ Pro 2.0 (Zeptosens, Leverkusen, Germany) with the spot diameters set to 160 μm. Referenced background-corrected mean intensities of the duplicate spots were averaged and extrapolated to the highest of the four printed protein concentrations by applying a linear fit. The signal values of the four extrapolated data points were used to calculate the mean fluorescence intensity for each sample. Blank-corrected mean fluorescence intensity signals of the samples were normalized for their respective relative protein concentrations measured in the protein stain assay on the chip, so as to obtain normalized fluorescence intensity signals. Normalized fluorescence intensity signals were used for all subsequent statistical analysis.

#### Western Blot

Immunoblotting was performed with the protein extracts of FFPE tumor samples (NSCLC) as prepared for RPPA analysis. Samples with adequately high concentration and sufficient total protein amount remaining after RPPA analysis were tested (*n* = 16 samples). Protein extracts (5 μg total protein) were resolved via SDS-PAGE using the NuPAGE system (Invitrogen, Paisley, UK), and the proteins were electro-blotted into nitrocellulose membranes of 0.2-μm pore size (Whatman, Fairfield, NJ). The antibody against PAK2 (2608, Cell Signaling Technology Inc., Danvers, MA) was used at a dilution of 1:250 of stock as the primary antibody, and the antibody against rabbit IgG conjugated with IRDye 800CW (926--32213, LI-COR Biosciences, Lincoln, NE) was used at a dilution of 1:10,000 as the secondary antibody. Signals were detected via infrared fluorescence using the Odyssey Imaging system (LI-COR Biosciences, Lincoln, NE), and the PAK2-specific protein bands were quantified using MultiGauge Software v3.0 (FUJI Film Cooperation, Tokyo, Japan).

#### Statistical Analysis

Statistical analysis was performed using statistical language R 2.10.1 ([@B16]). Principal component analysis, Spearman correlation (*r*~Sp~), and Mann--Whitney tests were performed using the package "stats," and graphical visualizations were performed using the package "lattice" ([@B16]).

The employed kappa coefficient (κ) is a statistical measure of the agreement of two raters; in this case the raters are categorization by means of IHC and RPPA. The kappa coefficient ranges from 0 (disagreement) to 1 (perfect agreement). Disagreements were weighted according to their squared distance from perfect agreement ([@B17]). Confidence intervals for kappa and Spearman correlation coefficients were estimated by balanced bootstraps with 10,000 permutations using the package "boot" ([@B18]).

#### Ordinal Multinomial Logistic Regression

For each sample *i*, the IHC score *Y~i~* and the RPPA HER2 signal intensity *x~i~* were determined. The IHC score *Y* is categorical by definition. Each score follows a logical ordering according to the level of HER2 expression, from category *j* = 0 to 3+. Therefore, the IHC HER2 score is an ordinal categorical response. The RPPA HER2 signal intensity *x~i~* is a continuous variable. The relationship between the IHC HER2 score and the RPPA HER2 signal intensity is adequately modeled by an ordinal multinomial logistic regression, which in this study was performed as described elsewhere ([@B18], [@B19]). This model aims to predict the probability that the association of sample *i* will be assigned to category *j* based on *x~i~*, or *p~ij~* = *P*(*Y~i~* = *j*). As the probability for each of the samples is predicted for each of the four scores simultaneously, the probability distribution of the samples to be assigned to each of the four scores is called multinomial. Technically, this is resolved by fitting a binary logistic regression model for each score *j* in which scores 0 to *j* combine to form a single category and categories *j* + 1 to 3^+^ form a second category. At any RPPA HER2 signal intensity *x~i~*, the probability of *Y* being at or below a particular score *j* is expressed as a cumulative probability that reflects the HER2 score ordering: *P*(*Y* ≤ 0) ≤ *P*(*Y* ≤ 1^+^) ≤ *P*(*Y* ≤ 2^+^) ≤ *P*(*Y* ≤ 3^+^). Finally, the probability *P*(*Y* = *j*) is estimated from *P*(*Y* = *j*) = *P*(*Y* ≤ *j*) − *P*(*Y* ≤ *j* − 1) ([@B20]). For validation, the different intensity value ranges of the initial set and the validation set were adjusted by subtracting the respective median and dividing by the respective median absolute deviation.

#### Mixed Effects Models

For each antibody, the model was estimated using the package lme4 ([@B21]), with the RPPA fluorescence intensity as the response, the cancer subtype (SCC or AC) as a fixed factor, and the sample vendor as a random factor. Testing for multiple antibodies (RPPA assays) has been considered by Westfall Young adjustment of *p* values.

RESULTS
=======

### 

#### HER2 IHC Assay

19 breast cancer samples were stained and stratified via IHC for HER2 with the DAKO HercepTest and classified into HER2 score categories 0 (three cases), 1+ (six cases), 2+ (five cases), and 3+ (five cases). [Fig. 1](#F1){ref-type="fig"} shows representative samples for each of the HER2 score categories. For validation, an additional set of 27 breast cancer samples was processed accordingly and classified into HER2 score categories 0 (seven cases), 1+ (nine cases), 2+ (seven cases), and 3+ (four cases).

![**IHC staining of HER2 in breast cancer tissue.** This figure shows representative samples for the four categories of HER2 IHC staining: 0 (*A*), 1+ (*B*), 2+ (*C*), and 3+ (*D*).](zjw0091345090001){#F1}

#### HER2 FISH Assay

In addition to the HER2 IHC, the HER2 amplification status was investigated in the initial set of breast cancer tissue samples. As a result of reduced tissue integrity, three cases failed to hybridize, and no result could be obtained. Out of the remaining 16 samples, 14 were concordant with IHC, in that HER2 gene amplification was negatively correlated with IHC 0 and 1+ and positively correlated with IHC 2+ and 3+. Two cases were FISH positive while having an IHC 1+ score, which is considered negative for HER2 regarding therapy decisions for Herceptin.

#### HER2 RPPA Assay

Expression signals (normalized fluorescence intensity) of HER2 protein were measured and quantified for the FFPE tissue samples in parallel. Two samples were removed for further analysis. In one case, the protein concentration was more than 1.5 x interquartile range lower than the median protein concentration. In the other case, visual inspection of the array showed problems during spotting.

#### Comparison of HER2 IHC Assay with HER2 RPPA Assay

As [Fig. 2](#F2){ref-type="fig"} shows, the signal intensity for HER2 in the RPPA assay increased with higher HER2 scores based on IHC. The Spearman correlation coefficient was *r*~Sp~ = 0.86 (95% confidence interval: 0.579, 0.945; *p* ≤ 0.05).

![**Correlation between HER2 score (IHC) and HER2 signal intensity (RPPA).** The figure shows, for the four categories of HER2 IHC staining, the signal intensity in the individual samples for HER2 obtained with RPPA.](zjw0091345090002){#F2}

However, because the nature of the HER2 score is categorical and ordinal and the nature of the RPPA HER2 signal intensity is continuous, an ordered multinomial logistic regression is a more appropriate model for interpreting the data. Based on the data, the model predicts a probability for the HER2 score at a given RPPA signal intensity. In [Fig. 3](#F3){ref-type="fig"}, the probability that each sample will have a HER2 score equivalent to one of the scores from 0+ to 3+ is a function of the RPPA signal intensity. For samples with RPPA signals below 1.0 au, the maximum probability of any score is always below 66%, equivalent to a probability of a wrong assignment of at least 34%. Therefore, errors are likely when distinguishing between HER2 scores of 0 and 1+ for these samples. For samples with RPPA signals higher than 1.0 au, there are always higher maximum probabilities than 91%, indicating a good assignment of samples to scores of 2+ and 3+. When each sample was assigned the most probable HER2 score based on the model, the concordance between IHC and RPPA was estimated as κ = 0.9 (95% confidence interval: 0.667, 0.963) with high significance (*p* ≤ 0.001). These findings were validated in a second and larger set of samples. This study included seven, nine, seven, and four samples for HER2 0, 1+, 2+, and 3+, respectively. Here, the concordance between IHC and RPPA was estimated as κ = 0.673 (95% confidence interval: 0.313, 0.881), confirming the relation with high significance (*p* ≤ 0.001).

![**Ordinal multinomial model for HER2 score.** This model shows the probability of each sample\'s assignment in one of the four categories for HER2 IHC staining based on the HER2 signal intensity obtained with RPPA.](zjw0091345090003){#F3}

Next, we wanted to predict the HER2 scores of samples of the validation set based on the model parameters estimated in the initial set by using the RPPA intensities of the new samples. The value ranges between the two sets were numerically adjusted in order to account for the batch effect. [Supplemental Fig. S1](http://www.mcponline.org/cgi/content/full/M112.023051/DC1) gives an overview of value ranges in the initial and validation sets before and after adjustment. The concordance was estimated with κ = 0.403 (95% confidence interval: 0.268, 0.626), again with high significance (*p* ≤ 0.001). Interestingly, when the model was trained on the validation set data to predict the HER2 scores of the initial samples using their RPPA intensities, the level of concordance increased to κ = 0.702 (95% confidence interval: 0.464, 0.805).

#### Comparison of HER2 RPPA Assay with HER2 FISH Assay

In [Fig. 4](#F4){ref-type="fig"}, the status obtained with the FISH assay is plotted against the signal in RPPA. It was found via a one-sided Mann--Whitney test that RPPA could significantly differentiate (*p* ≤ 0.001) between negative and positive FISH status among the samples.

![**Comparison of FISH status and HER2 signal intensity (RPPA).** This figure shows the HER2 signal intensity obtained with RPPA for the FISH negative and FISH positive samples.](zjw0091345090004){#F4}

#### RPPA Analysis of NSCLC Samples

Patient samples were matched by age and vendor. At the time of sample collection, the sample vendor was not known as a critical factor, but it was considered in the sample selection and randomization so as to avoid bias. Principal component analysis of all samples and RPPA signals revealed two outliers, which were removed from further analysis. Samples originating from the two different vendors could be perfectly separated using the 2nd Principal component. Therefore, the sample vendor factor has been considered as a random factor in a mixed-effects model. The positive controls napsin A and cytokeratin 5 ([@B22]) showed a significant effect between the two NSCLC subtypes (*p* ≤ 0.05). This was also apparent from visual inspections of the respective arrays ([Fig. 5](#F5){ref-type="fig"}). After adjustment for multiple testing, the RPPA assay for PAK2 also displayed a significantly higher expression ([Fig. 6](#F6){ref-type="fig"}) in SCC than in AC (*p*~Adj~ = 0.008). This finding was also confirmed by Western blot ([Fig. 7](#F7){ref-type="fig"}). A listing of all the analyzed proteins, including their *p* values and normalized RPPA intensities, is provided as [supplemental Table S1](http://www.mcponline.org/cgi/content/full/M112.023051/DC1).

![**RPPA images of cytokeratin 5 (*A*) and napsin A assay (*B*).** Cytokeratin 5 antibody generated signals only at positions of AC samples, whereas napsin A antibody generated signals at positions of the SCC samples.](zjw0091345090005){#F5}

![**RPPA fluorescence intensity for cytokeratin 5, napsin A, and PAK2.** The figure shows least square means and 95% confidence intervals for ACC and SCC as measured for cytokeratin 5, napsin A, and PAK2.](zjw0091345090006){#F6}

![**Immunodetection of PAK2 on Western blot with FFPE tissue extracts.** Western blot was performed for 16 NSCLC samples (8 AC and 8 SCC samples) also measured with RPPA. Considerably higher signals for PAK2 (molecular weight: 61 kDa) were measured in SCC samples than in the AC samples.](zjw0091345090007){#F7}

DISCUSSION
==========

The quantification of a protein in extracts from tissue depends on two factors: (i) the abundance of the protein of interest in the tissue, and (ii) whether the protein of interest can be quantitatively extracted out of the tissue. The IHC assay for HER2 is currently the gold standard for quantitative assessment of HER2 levels in breast cancer tissue and has been shown to provide clinically important prognostic and predictive information ([@B23][@B24][@B25][@B26]--[@B27]). The scoring system of this assay is based on the receptor number in the membranes of cancer cells: no staining (0), partial membrane staining (1+), light-to-moderate complete membrane staining (2+), and complete membrane staining (3+). Our hypothesis was that a reliable assessment of HER2 levels in breast cancer samples with RPPA should result in classification similar to that obtained with the IHC assay. A very good Spearman correlation coefficient between IHC and RPPA shows that this indeed is the case.

For a more appropriate comparison of the IHC and RPPA data, an ordinal multinomial logistic regression model was used that utilized the RPPA signal intensity to compute the probability that each sample would have a HER2 score equivalent to one of the IHC scores of 0 to 3+. This model shows a good assignment of RPPA signals to IHC scores of 2+ and 3+, whereas distinguishing between IHC scores of 0 and 1+ by RPPA is error prone. Additionally, when using this model, the agreement between IHC and RPPA for categorization was shown to be highly concordant. This positive finding owes partly to the fact that the model was trained and assessed with the same samples. The concordance of IHC and RPPA was confirmed in an independent validation sample set with high significance. Overall, the κ value was lower in the validation run. The validation sample set was procured from two different suppliers, which might have been a source of additional variability.

For IHC-based HER2 classification, evaluation by different observers does not result in complete interobserver agreement, despite the standardized scoring system of the HER2 IHC assay ([@B28]). In a study by Thomson *et al.* with three observers, a κ of 0.7 was obtained with this test ([@B29]). The Dako HercepTest is performed with the same antibody as used in our study for the assessment of HER2 levels with RPPA. Based on the κ estimates obtained in our study, the agreement between IHC and RPPA data in the initial set can be considered as very good (κ = 0.899), and that of the validation set as good (κ = 0.643). However, the true validation took place when the model parameters trained on the initial set were applied to predict the HER2 score using the RPPA intensities from the truly independent validation set (κ = 0.403), which confirmed the validity of the approach. If we had chosen to use set 1 as the validation set and set 2 as the prediction set, we could report a much better level of prediction, resulting in an agreement of κ = 0.702. This again emphasizes the need for well-characterized samples obtained by means of good standardized protocols.

Another assay for the detection of HER2 amplification and overexpression is based on the FISH technique ([@B30][@B31][@B32][@B33][@B34]--[@B35]). FISH is considered more objective and reproducible ([@B34], [@B36][@B37][@B38][@B39]--[@B40]). We therefore also tested the initial breast cancer sample set through FISH for HER2 positivity, and again good concordance between RPPA and FISH was demonstrated. RPPA analysis of FFPE breast cancer tissue could have allowed differentiation between HER2 negative and positive samples.

Based on the aforementioned results, we assume that HER2 can quantitatively be extracted out of FFPE tissue samples and that the RPPA analysis of these samples delivers biologically meaningful results. This outcome is supported by a recent study by Wulfkuhle *et al.* ([@B41]) showing that RPPA measurements of total HER2 protein can efficiently discriminate dichotomized HER2 status (negative: HER2 IHC 0 or 1+ and 2+/FISH^−^; positive: HER2 IHC 2+/FISH^+^ and IHC 3+) as determined by IHC or FISH measurements, or both, in the same tissue.

In a second study on NSCLC, we further demonstrated the validity of RPPA profiling of FFPE tissue by confirming two markers, cytokeratin 5 and napsin A, known to be differentially expressed between two NSCLC subtypes (AC and SCC) ([@B22]). In an analysis of more than 150 proteins, increased expression of PAK2 in SCC relative to AC was shown and was orthogonally verified by means of Western blot analysis.

The p21-activated kinases (PAKs) are a family of serine/threonine protein kinases that are activated in response to extracellular signals (through both GTPase-dependent and -independent mechanisms) and regulate a wide variety of cellular processes including cell morphogenesis, motility, apoptosis, and cell cycle regulation. In epithelial cancer cells, the expression of PAKs promotes migration and increases anchorage-independent growth ([@B42]). Increased expression of PAK1 was found to be significantly associated with the malignant progression of human colorectal carcinoma ([@B43]) and with tamoxifen resistance in hormone-receptor-positive breast tumor from premenopausal patients ([@B44]). Interestingly, strong PAK1 expression was described as prevalent in SCC ([@B45]). PAK2 might play a similar role in tumorigenesis. However, the relationship between PAK2 activity and cell survival appears to be complex. PAK2 is unique among the PAKs in that it is also activated through proteolytic cleavage by caspases or caspase-like proteases. Whereas the activation of PAK2 by Rac or CDC42, as with PAK1, promotes cell survival by phosphorylating Bad and Bcl-2 ([@B46]), apoptotic stimuli such as DNA damage lead to proteolytic cleavage of PAK2, generating a p34 fragment. The activated p34 fragment leads to extensive membrane blebbing, cytoplasmic shrinkage, and apoptosis ([@B47], [@B48]). This strongly suggests that PAK2 could be helpful for the diagnosis and/or identification of new treatment targets of SCC.

Through two separate studies on breast cancer and NSCLC, we were able to demonstrate that RPPA analysis of FFPE tissue lysates gives rise to biologically meaningful data. FFPE is the fixation of choice in the clinical routine for preserving human tissue samples. Our findings encourage the application of RPPA in different tissues and disease contexts for detecting differences in protein expression and activation levels that could be beneficial for different purposes such as understanding disease mechanisms, the identification of new targets for drug development, distinction among tumor subtypes for diagnosis, or the stratification of patients for therapy regimens. Overall, the outcome of our study demonstrates the usefulness of RPPA as a screening tool for the selection of candidate proteins for the above-mentioned purposes.

^![](sbox.jpg)^ This article contains [supplemental material](http://www.mcponline.org/cgi/content/full/M112.023051/DC1).
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